Introduction
Ionic liquids (ILs) which are composed solely of ions [1] and are liquid at ambient temperature [2] have been widely studied as replacements for volatile organic solvents in various reactions. A particularly attractive advantage of ionic liquids is their negligible vapor pressure, which results in reduced air emissions, non-flammability and non-explosiveness [1] [2] [3] . In addition, other physical
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properties of ILs such as their polarity, hydrophobicity, hydrogen-bond basicity, viscosity and solvation interactions with organic and inorganic compounds can be carefully modulated through the proper selection of cations and anions [4] [5] [6] [7] [8] . Recently, much attention has been paid to a new generation of ionic liquids originating from natural raw materials such as amino acids. Amino acid ionic liquids are an alternative to traditional ionic liquids, based solely on petrochemical raw materials. Amino Acid Ionic Liquids (AAILs) derived from biorenewable raw materials, have increased biocompatibility of the ionic liquid, expressed by greater ability to biodegrade in the environment, and also have lower toxicity (both ecotoxicity and cytotoxicity) [9, 10] .
Organic salts of amino acid Schiff bases can be excellent candidates for ionic liquids because of a large selection of aldehydes, amino acids, presence or lack of intramolecular hydrogen bonds as well as various cations which can strongly influence the acquired properties of ionic liquids [11, 12] . It is well known that Schiff bases derived from amino acids and ortho-hydroxy aldehydes show biological activity and are widely applied as ligands of complexes used as enantioselective catalysts. In various biologically important reactions, Schiff bases are formed as intermediate products [13] . The presence of intramolecular hydrogen bond is essential for their enzymatic function and the proton transfer process from oxygen to nitrogen atom is the first step of the catalytic cycle [14] .
Moreover, the possibility of use of the amino acid ionic liquid-supported Schiff bases as the chiral solvents as well as ligands of the catalysts makes this class of compounds especially promising. Ionic liquid-supported Schiff bases, derivatives of 1-(2-aminoethyl)-3-methylimidazolium hexafluorophosphate and aromatic aldehydes, were investigated as ligands and as solvents for the Pd-catalyzed Suzuki-Miyaura coupling reaction, with good to excellent yields of biaryls being obtained [15, 16] .
Most authors working on amino acid ionic liquids have been interested in their synthesis and some physical properties, e.g., polarity, thermal stability or miscibility. A new trend in ionic liquid research concerns more detailed studies of factors that can strongly affect their properties, e.g., interactions with solvents in Diels-Alder reactions. The use of NMR data has been proposed for prediction of the reaction selectivity [17, 18] .
Previously we have studied the proton transfer equilibrium in chloroform solution of tetrabutylammonium salts of amino acid Schiff bases, derivatives of 2-hydroxynaphthaldehyde [19] and lithium salts of these Schiff bases in DMSO [20] and water [21] by means of NMR spectroscopy. In this paper we extend our studies to other techniques (IR, UV-Vis, MS) and investigate derivatives of salicylaldehyde, which can be considered as a new group of amino acid ionic liquids. We focus our attention on tetrabutylammonium salts of Schiff base derivatives of salicylaldehyde and different amino acids. Proton transfer equilibria ( Figure 1 ) have been also studied because they are crucial for investigation of their properties. Organic salts of amino acid Schiff bases, derivatives of 2-hydroxyaldehyde and substituted salicylaldehydes exist mainly in pure proton transferred form [19] . Selection of the amino acids (L-threonine, L-leucine, L-isoleucine, L-histidine) and salicylaldehyde can influence the position of the proton in intramolecular hydrogen bonds and hence can allow us to obtain amino acid ionic liquids with the desired required position of the proton transfer equilibrium. In proton transfer equilibrium studies, the measurements of deuterium isotope effects on chemical shift are especially effective. This method allows detection of the presence of proton transfer equilibria and determination of the respective mole fractions of tautomers. Measurements of deuterium isotope effects on chemical shifts can be performed as a one tube experiment for a partially deuterated sample. The position of the proton transfer equilibrium in Schiff bases was determined on the basis of deuterium isotope effects on 13 C-NMR chemical shifts [22] . The deuterium isotope effects were measured as differences between the 13 C signals in the spectra of non-deuterated and deuterated species: Table 1 . Some of the data for compound 3 in CDCl 3 have been taken from [19] . 1 H chemical shifts in CDCl 3 for compound 3 at position H-3 and H-6 were corrected to those from reference [19] . The type of amino acids group usually has a small effect on the positions of the 13 C signals assigned to the phenyl ring. The C-2 chemical shift values are the most sensitive to the position of the hydrogen engaged in the intramolecular hydrogen bond and vary in CDCl 3 solution at 295K from δ 165.2 for the L-treonine derivative up to δ 167.6 ppm for that of L-isoleucine. Moreover it increases as the temperature is lowered. The greatest change of up to  = 2.19 ppm, was observed for compound 3, and the lowest  = 0.19 ppm for the L-threonine derivative (1). Similar effects were observed for other salts of amino acid Schiff bases [19] [20] [21] . The type of amino acid had a small influence of the chemical shift of the C=O carbon. The chemical shift values of the C=O carbon in the compounds studied were similar to those determined for other Schiff bases involving R-substituted salicylaldehydes [19] . For the L-histidine derivative 5 a shielding effect of the imidazole ring was observed for H-α and C-α. The difference in the chemical shifts of signals H-α and C-α for compounds 1-4 and compound 5 (the L-histidine derivative) is 1 ppm for H-α and about 30 ppm for C-α.
Results and Discussion

NMR, IR and UV-Vis
All observed deuterium isotope effects are presented in Table 1 . Large positive values of deuterium isotope effects in the range from ca. 250 up to ca. 550 ppb were found for C-α. Negative values were observed for C-6. Both positive and negative values were observed for the other carbons. It is known that the value of deuterium isotope effect on the carbon atom linked to the phenolic group reflects the position of proton in the hydrogen bridge [22, 23] . On the basis of the C-2(D) vs. mole fraction of the NH-form relationship, it is possible to estimate the position of the equilibrium (Figure 3 Values of C-2(D) which are the most sensitive to the position of proton in the hydrogen bridge, are in the range from ~250 to −75 ppb, so close to those observed for other derivatives of substituted salicylaldehydes in which the proton transfer equilibrium exists [24] . (Table 1) confirmed the equilibrium positions for compounds 1-4. A lower mole fraction of the NH-form for the L-threonine derivative and its small temperature dependence can be related to the presence of hydroxyl groups in the amino acid chain. A similar situation was observed for a Schiff base derivative of 2-hydroxynaphthaldehyde and L-threonine in which the proton transfer equilibrium was shifted towards the OH-form [25] , while the derivatives of other amino acids exist almost exclusively in the NH-form [20, 21] . Although several attempts have been taken to measure a C-2(D) value for compound 5, it was not possible due to the broad and low intensity signal of the C-2 carbon, even at low temperatures. However, on the basis of the C-2(D) vs. C-1'(D) relationship found for Schiff base derivatives of various salicylaldehydes and aliphatic amines [24] the C-1'(D) value of ca. -90 ppb suggests that C-2(D) is close to ~400 ppb, which is typical of the OH-form. The position of the C-2 signal at ca. 157 ppm for the L-histidine derivative 5 is also typical of Schiff bases in which a proton transfer equilibrium does not exist [24] . [19] . However, for 5 this effect is particularly large. For compound 5 the C-2 values in range ca. 155-157 ppm are typical of the pure OH-form [24] while for other tetrabutylammonium salts of L-phenylalanine and various salicylaldehydes these values were in the 165-170 ppm range [19] .
J(NH,H) coupling constants as well as C-2 chemical shift values
Deuterium isotope effects observed on the carboxylic carbon C-2' for compounds 1 and 4 (ca. 80 ppb) can be related to engagement of the COO − group in hydrogen bond [19] . The chemical shift values in DMSO solution of the C-2' carbons for the compounds studied ( 170-171 ppm) are close to those observed for lithium salts of amino acid Schiff base derivatives of 2-hydroxynaphthaldehyde, and indicate that the counter-ion is in the proximity of the carboxylic acid group. The C-2' values found in chloroform solution (173-176 ppm) are closer to those observed for lithium salts of amino acid Schiff bases in D 2 O (178-180ppm) [21] . DMSO has only a slight influence on the position of other signals. The influence of solvent on the position of equilibrium was small, judging by C-2 chemical shift values. Changes in chemical shifts related to the type of solvent used can be explained by small changes in the strength of the intermolecular hydrogen bond [20] .
The length of the carbon chain of amino acid had a small influence on the position of the proton transfer equilibrium. For the L-valine, L-leucine and L-isoleucine derivatives the mole fractions of the NH-form are similar. Even for the L-threonine derivative the position of equilibrium is close to those estimated for compounds 2-3. A similar situation was observed for the other Schiff base derivatives of amino acids and aromatic hydroxyaldehydes [19] .
The characteristic IR absorption bands of amino acid ionic liquid-supported Schiff bases are presented in Table 2 . In the IR spectra of the compounds studied the absorptions in the ca. 3500-2500 cm UV-Vis measurements were also performed for compounds 1-5. The UV-Vis bands of the studied amino acids ionic liquids-supported Schiff bases in ethanol and chloroform are presented in Table 3 . Table 3 . UV-Vis bands of compounds 1-5 in ethanol and chloroform solution (nm). In parentheses absorbance values. The UV-Vis spectra of all compounds show a low energy band at ~410 nm and two high energy bands at ~288 and ~315 nm. On the basis of the results obtained for other derivatives of different aliphatic and aromatic amines these bands can be assigned to the OH-form, while the one at 410 nm corresponds to the NH form [21, [27] [28] [29] . The UV-Vis results indicate that the compounds studied exist in an equilibrium of NH-and OH-forms, which is in agreement with the NMR results. For all compounds studied a more polar solvent shifted the proton transfer equilibrium towards the NH-form [27] [28] [29] . Even for compound 5 which in a chloroform solution is in the pure OH-form, in an ethanol solution a small amount of the NH-form was found.
The specific and molar rotation values are summarized in Table 4 . No correlation between the type of amino acid and the molar rotation was observed. Molar rotation was stable in time. Table 4 . Specific and molar rotation of amino acids ionic liquid-supported Schiff bases.
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ESI mass spectra of negative and positive ions were recorded for compounds 1 The spectra recorded for negative ions as a function of the cone voltage not only determine the fragmentation pathway of anions, but also characterize the stability of ions in the gas phase. The fragment ions observed for Schiff base compounds 1-5 are given in Scheme 1. 
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For compounds 1-5 a few specific processes or ions were observed. The molecular ions as the precursor ionic species P − eliminated a CO 2 molecule in the decarboxylation reactions [30] . The characteristic signals at m/z 107 and 120 observed for the studied compounds appear as a result of elimination of the amino acid fragment. The specific fragments characteristic of various Schiff bases are determined by the structure of a given amino acid [30] [31] [32] [33] .
The negative ESIMS spectra were recorded as a function of cone voltage in 10-180 V range. The correlations of relative ion abundance vs. cone voltage for compounds 1-5 are collected in Figure 5 .
The dependence of ion abundance on cone voltage is determined by the ions' stability in the gas phase and this stability is responsible for the relative intensity of the m/z signals at a constant cone voltage. The stabilities of both precursor and fragment ions depend on the structure of the amino acid Schiff bases. Throughout the cone voltage range tested, a high instability of negative ions in the gas phase was noted.
Experimental
General
Tetrabutylammonium salts of amino acids were prepared by the reaction of a slight molar excess of amino acid dissolved in water and 40% aqueous tetrabutylamonium hydroxide solution (Scheme 2a). After the reaction, water was removed under reduced pressure [34] . The intermediate product was dried in a vacuum oven at 60 °C under a pressure of 2 mbar for 24 h. Amino acid ionic liquid-supported Schiff bases were synthesized by condensation of tetrabutylammonium salts of amino acids with salicylaldehyde according to the procedure described elsewhere (Scheme 2b) [19] . The reaction was carried out in absolute ethanol. After completion of the reaction, the solvents were removed under reduced pressure. The product in the form of yellow oil was dried under reduced pressure. Compound 5 was obtained in the form of yellow needles (melting point 74 °C). All compounds studied were stable in DMSO, ethanol and chloroform, although in chloroform solutions after ca. 1h some symptoms of compound 5 decomposition were observed. ) through a Harvard Scientific pump. All the solutions subjected to ESI MS were prepared in methanol.
Conclusions
Spectroscopic studies have shown that the tetrabutylammonium salts of amino acid Schiff base derivatives of salicylaldehydes 1-4 exist in tautomeric equilibrium. The position of proton transfer equilibrium was shifted towards the NH-form at a mole fraction above 0.5 for the derivatives of L-valine, L-leucine and L-isoleucine at low temperatures in a chloroform solution. For the L-threonine derivative 5 the equilibrium was shifted towards the OH-form, while the L-histidine derivative existed in chloroform and DMSO solutions exclusively in the OH-form. It was confirmed that the proton transferred form was stabilized by a bifurcated intramolecular hydrogen bond. The presence of the imidazole ring weakens the interactions between the COO-and NH groups, which stabilizes the proton transferred form.
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